The energy dependence of the single nucleon potential has been studied extensively by Jeukenne et a1. 1 ) in the low density approximation of the mass-operator. Recently Jamion et al. 2 ) calculated the mean potential for scattering states in a relativistic quantum field model considering cr, w, and ~mesons. J. Boguta 3 ) has calculated the nucleon-nucleus potential in Walecka's relativistic quantum field model.
We investigate the energy dependence of the single nucleon potential for bound and scattering states of symmetric nuclear matter in Walecka's relativistic quantum field model and compare the results to experiments and to nonrelativistic mass-operator calculations. We examine how corrections to the mean field treatment like the meson exchange contributions change the energy dependence for bound states.
In an attempt to develop a full relativistic description of the many-particle nuclear matter system and to allow explicitly for the Lagrangian density is
Here gs and gv are Yukawa coupling constants for the scalar field To compare this energy spectrum to experimentally found single particle properties and to theoretical nonrelativistic many-body results, we introduce a single particle mean potential. This can simply be done by (3) subtracting from the nucleon energy the kinetic energy of a free nucleon.
The mean potential UR is
Another way of introducing a mean potential is as follows. In the Dirac In the case of KF = 0.8 fm-1 , we took the results published in ref.
9). Since the effective mass m* appears in the relativistic expression for the single particle kinetic energy the potential UR is not simply quadratic in K but includes higher powers of K, which obviously yields the similarity with the mass-operator theory results. One should be aware that the potentials of the mass-operator theory correspond to the real part of the optical potential, and dispersion effects are therefore correctly taken into account for K > KF. This is not the case in the relativistic mean field approximation. However, from nonrelativistic many-body calculations 8 ) one knows that the influence of the imaginary part on the real part of the potential is of minor importance in the K-domain which we consider here.
A correction to the mean field approximation is the inclusion of the scalar and vector-field exchange contributions. The scalar and vector-field exchange energy densities have been calculated previously by Bolsterli 10 ) and Chin 5 ) . They obtain . With these parameters we calculate the single particle exchange contributions (9) . Figure 3 shows that the corrections are of opposite sign and the energy dependence of the sum is rather weak. In Fig. 4 we display the results for the single particle potentials UR and 
